antibiotic treatment (11/10 days; p = 0.75) or length of hospital stay (16.5/16 days; p = 0.27) between the groups. The use of pegfilgrastim resulted in 12% higher treatment-related costs when compared to filgrastim, without reaching statistical significance (p = 0.38). Conclusion: Pegfilgrastim appears to be equivalent to filgrastim after high-dose BEAM followed by APBSCT in the treatment of lymphoma patients.
, Amgen). This long-term formulation has the advantage over filgrastim of a single application after the myeloablative chemotherapy, thus improving patient comfort and administration safety.
Here we report on the efficacy of pegfilgrastim in comparison to filgrastim in patients with NHL or HL receiving unmodified high-dose BEAM as conditioning regimen followed by APBSCT at our Stem Cell Transplantation Center in Zürich during the last 4 years. We analyzed only lymphoma patients receiving unmodified high-dose BEAM, to avoid any possible bias based on the heterogeneity of the administered conditioning regimens [9] [10] [11] . We also placed a special emphasis on possible differences in treatment-related costs during the post-transplant period.
Patients and Methods
Patients with NHL or HL receiving high-dose BEAM as conditioning regimen followed by APBSCT during the last 4 years (2006-2009) at our center were analyzed. The study was approved by our local ethic committee.
Patients received either pegfilgrastim or daily filgrastim after APBSCT. Pegfilgrastim was administered as single fixed dose of 6 mg subcutaneously at day +1 after stem cell retransfusion. Filgrastim was given at a dose of 5 g/kg body weight subcutaneously once daily, starting at day +5 after stem cell retransfusion, until the absolute neutrophil count (ANC) was 6 0.5 ! 10 9 cells/l for at least 3 consecutive days.
The BEAM regimen consisted of carmustine 1 ! 300 mg/m 2 , etoposide 8 ! 150 mg/m 2 b.i.d., cytarabine 8 ! 200 mg/m 2 b.i.d. and melphalan 1 ! 140 mg/m 2 , followed by APBSCT.
Patients treated for disease entities other than NHL or HL and patients receiving a dose-reduced BEAM regimen (i.e. 'BEAM elderly') were excluded from this analysis.
The medical records of the patients and our prospective transplantation database were screened for length of hospital stay, appearance and duration of fever, use of intravenous (i.v.) antibiotics and need for red blood cell and platelet transfusions during hospital stay. These factors were compared between the groups. Neutropenia was defined as ANC ! 0.5 ! 10 9 cells/l. Fever was defined as body temperature 6 38.4 ° C. Every day of fever was considered for analysis when a body temperature over this cut-off was documented in the patient charts. Hospitalization time was defined as time from the day of stem cell reinfusion (day 0) to the day of patient discharge.
Statistical Analyses
Statistical comparisons of patient characteristics were made using either a Mann-Whitney U test, or a Fisher's exact test, as appropriate. Continuous clinical outcomes are presented as median (range), and compared using the Mann-Whitney U test, while binary clinical outcomes are presented as percentages, and compared using Fisher's exact test. Cost analysis is based on the average cost of antibiotics and blood products, average length of stay, and average cost of filgrastim or pegfilgrastim per patient (compared with Kruskal-Wallis test).
All analyses were performed in the R programming language [12] .
Results

Patient Demographics
Between January 2006 and December 2009, a total of 54 patients with NHL (n = 40; 74%) or HL (n = 14; 26%) were treated with unmodified high-dose BEAM and received subsequent G-CSF support. Thirty-four (68%) patients received single-dose pegfilgrastim, and 20 (32%) patients received filgrastim after APBSCT, respectively. Filgrastim was applied after APBSCT for a median of 7.5 days (range 5-16 days). The main patient characteristics were well balanced between the 2 groups ( table 1 ).
Efficacy
The median time to neutrophil engraftment after pegfilgrastim was identical to the engraftment achieved with filgrastim [median 9 days (range 8-22) for pegfilgrastim vs. 9 days (range 7-13) for filgrastim; p = 0.55], and the median duration of neutropenia grade 4 did not differ significantly between the 2 patient populations, with a median of 7 days (range 5-22) for pegfilgrastim versus 8 days (range [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] for filgrastim (p = 0.13). In addition, no difference regarding the duration of thrombocytopenia grade 4 was seen between the 2 groups (median 7 days, range 3-20, for pegfilgrastim vs. 9.5 days, range 2-19, for filgrastim, p = 0.21). Also no significant differences were observed regarding the number of red blood cell or platelet transfusions, the duration of fever and the duration of i.v. antibiotic treatment between the 2 groups ( table 2 ).
In the binary outcome analysis, no significant difference was noted in the number of patients needing i.v. antibiotics or blood products. In addition, there were no differences regarding the incidence of fever or the need for transfer to the intensive care unit between the 2 groups ( table 3 ) .
Cost Analysis
Cost analysis was performed using the Swiss drug prices listed for the year 2008. The median cost per patient for filgrastim was 1,950 Swiss francs (CHF), compared with CHF 2,077 for pegfilgrastim (p = 0.16, MannWhitney U test). An integrated cost analysis including the costs of G-CSF used, the infused blood products and the hospital stay showed an additional expenditure of 12% for patients receiving pegfilgrastim during the posttransplant period, without being statistically significant (p = 0.38, Mann-Whitney U test).
Discussion
Our study objective was to assess the impact of pegfilgrastim on the clinical outcome of patients with NHL or HL who received unmodified BEAM as conditioning regimen followed by subsequent stem cell retransfusion. In our analysis of a homogenous patient collective we showed that administration of pegfilgrastim after high dose BEAM and APBSCT is as efficacious as filgrastim. We did not find differences regarding time to engraftment, length of hospital stay or the need for blood products and i.v. antibiotics. This finding is in accordance with studies demonstrating similar efficacy of pegfilgrastim and filgrastim in patients who received conventionally dosed myelosuppressive chemotherapy [13] [14] .
To our knowledge, this is the largest analysis so far focusing exclusively on patients receiving unmodified BEAM as conditioning regimen followed by APBSCT, and we were able to demonstrate that pegfilgrastim is not inferior to filgrastim. The available data so far on this topic have been achieved by analyzing heterogenous patient cohorts treated with different conditioning regimens [15] [16] [17] . Recently, a study focused on lymphoma patients who received BEAM or BEAC (conditioning regimen with carmustine, etoposide, cytarabine and cyclophospamide) as conditioning regimen [18] . However, high-dose chemotherapy regimens differ in terms of toxicities, and the results of the patient outcome during the post-transplant period are likely to be influenced primarily by this heterogeneity [9] [10] [11] 19] .
The median cost of filgrastim needed to achieve an engraftment was lower than the cost of a single-dose of pegfilgrastim, and this additional expenditure could not be counterbalanced by a shortening of the hospital stay or less supportive measures like i.v. antibiotics or blood products. In an integrated cost analysis we observed an additional expenditure of 12% for patients treated with pegfilgrastim, although this difference did not meet statistical significance.
To conclude, in our experience, pegfilgrastim appears to be equivalent to filgrastim after conditioning chemotherapy with high-dose BEAM followed by APBSCT. We did not see any differences regarding time to engraftment, the length of hospital stay or the need for i.v. antibiotics and blood products. Pegfilgrastim may be considered as a therapeutic option in patients treated with BEAM and APBSCT.
